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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a novel 
polyimide having such a low modulus as to necessary to 
form circuit boards amenable to bending, more 
particularly, a tensile modulus (at room temperature) of 
200-300 kgf/mm2 and having a coefficient of linear 
expansion of 1 5-25 ppm/K (at 1 00-200° C). 
SOLUTION: The polyimide is a random copolymer having 
repeating structural units represented by formula (1) 
(wherein x=0.50-0.70; y=0.05-0.25, z=0.05-0.30; and 
x+y+z=1.00) and has a tensile modulus of 200-300 
kgf/mm2, an elongation at break of 20-30%, and a 
coefficient of linear expansion of 15-25 ppm/K (at 100- 
200° C). 
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4' -*?-\f>*JT — *)> (fiTFMDA) 1. 94 g 

(0. 0 lmo 1 ) *3itfi!ltLTN-^fJl'- 2 - 
fcfDUK> (KTNMP) 1 2 2. 6 4 g^AL, 5 
Ott^tlCiSiBti. lOg. -flGSHftttifiSTfcljl 
LT*^ fcfD* >J y hSrM*ft («TPMDA) 2 
1. 22g (0. 097 3mol) *)Bft<7)±#Ctt5t 

5 < C*-C , ±#-r^>. SKKfSggrtfcNMP 2 0 gT8fc 
#b. S±fc*»tt»ta;9T*>6 6 01CT? 5«rWRJ«: 

7i£. Z<DV — 7.£ 5 /iC7^M- TfinEEiSifibTtf 

& (tj i nh) 75*0. 8 3d 1/gT, E SMttftSffiTM 

1 4 8 0 OmP a • s , G P CCJ;5ti¥Wi 
(Mw) 141 0 8 0 0 OTfetjfc. 

[0 0 4 4] ^^>J7S K87Z7*^7^fi±ICl 
IJP#0. 2 0mmfC7i^«fc-5lc^Ib. glge&^n 
fc-f?— ht-7'>1>T*H»ll|2l»|||jJ>ttTtt*6 

2 5 0^^:1)5:1. 2 5 0 'CT? 2 P$R8#ifi£b;fc. MS 
T^bfcg, ^5^*76^*0^ 3 K7^;i/A*SJj*i 
b. f **I^tfcii 5*53 0 «mT»o&. 

^7xe»is (Tg) tetigisn-r. 5%a«n£'>2& 

ft (Td5) «. $gt-e5 4 9tt*r3&. d 
C^'J-fS H7^^A<75^II0?I^t4 1 0 0~2 0 Ot^© 
®*£T2 2ppm/KT*ofc.. 

[0 0 4 5] JEfc. dCD^U-fS H7^MOi«*tt 
«. 3l313$g (TS) *U 8kgf/W, §I3BM£* (T 
M) #2 5 8kg f /mm' , 3l3S*KI8r#g (EL) #2 0% 

[0 0 4 6] dOHSS^JT#enfc#UT3 KK>7 

[0 0 4 7] *ffi«BJ 2 

ll:*WSy7; >©S^ODA4. Olg 
(0. 020mol). pPD6. 49g (0. 060 
mol) . MDA3. 89g(0. 02mo 1) . 
Z*mm<DNMP& 1 2 2. 4 4 g K^H b/tBWteSIJS 
££<P3tai(;:bT#'J7 3 «7rX5#t. d© 
tf'JTS K»tt, M&ttm (Dinh) *<0. 7 9 d 1 
/gT, EU*8«*SS7}< 1 2800mPa-s.GPC 
(Cfc^aaspi^^S (Mw) tel 0 7 0 0 OTfto 



( 8 ) 

13 

fc. sir. nm&n tmmizLxm&to3 o umtDtfij 

TS»»«fWJt*ffofc4:Il<5. #7*IE&ZaS (Tg) 

««fi£n-r, 5%asi«'>®a (Td5) a, a»&i> 

0 0~2 0 0t:cOSHseT2 5ppm/KT&o 

3iS (TS) *U 4kgf/mm\ §l5S#tt^ (TM) 

5 7kgf/mn)\ 3IStt»r#ft (EL) **2 1 SST&o 

fc. N. d©*J6«T»6nfc#'J7S H»»7-^*5 10 

[0 0 4 8] HJS«fiJ 3 

mnm, mmmx's. a^ummm^mz.rz3L<Dy^ 

XnlC, ODA90. 1 lg (0. 4 5mo 1 ) . pP 
D97. 3 3g (0. 90mol) , MDA29. 74 
g (0. 15mol) *itf»«tbTN. N-yXf 
;l/jf:;UA7S h* 1 6 2 0. 9 0 g. N, N-i?j*3\/l/7 
th7SH54 0. 3 0 g§8AL> 3 0 "CT^Kjg 20 

A323. 1 2 g (1. 48 14mol) £*&Stf5±# 
5 5~6 0*CT7l*ni|E«S-fr«. dCTrt*«tt!B5tt 

uO*U75FSIt ttftttK (>jinh) #1. 0 6 
d 1/gT, E£!»ttft!i&*< 16700mPa-s. G 
PCCiSllf^fl (Mw) lil 5 9 0 0 0T* 30 

ofe. Mtc. mmmi tmm\zi.Tm&m3 o umotf 
g) ust^nf, 5%aa«i!>ffis (Td5) £ 

2><D&mmmZ 1 0 0-2 0 0 'CCD»sST 1 6ppm/KT 

3135®* (TS) aU6kgf/mm\ (TM) 
^2 2 5kgf/W . 5l3I18t#r#S (EL) #2 6%T& 

5 "C©«tflr«T 3 * m«* b&*t. *©ttlgk:sefl;tt 

coo49] mmm 4 

mtSM 1 K*5tt-5>>7S X0iS&5jc£ODA 5. Olg 

(0. 025mol). pPD5. 41g (0. 050 
mol) . MD A 4 . 96g (0. 025mol) , *5 

<kt;sis©NMPji2 6. 4 o giz&mvfzmfutn 

^'J73 H«tt. »3SiR!iS (t) i n h) #0. 8 Id 50 



. 4*H 2 0 0 3 - 1 9 2 7 8 8 

1 /gT, Eli^ft^l 6 8 0 OmP a • s. GP 
CCfcSllfl^^fl (Mw) ttl 1 3 0 0 0T&O 
fz. 5W&0IJ1 t(^«U'LTJl«-$«)3 0 //m(0#ij 

Tl»»«rW3£*fi-3fci^*. #57.e#i&S (Tg) 

tt«g?£mr. 5%as®'>)!a^ (Td5) «, 

T5 4 4"C-e$>ofc. CKD^'J-f 5 K7w;i/AO 

«8l®3I$Stt 1 0 0~2 0 0tCMT2 5ppm/KTi&o 
tz. CCD^U-f 5 H7^JPA«5«««ttfa. §19 

SIS (TS) *U 2kgf/mm'. 5I3SPM44S (TM) #2 

2 5kgf/mm', 5l3S®»r#g (EL) #2 7%T£o 

zntzfr^fz. *nmmcDi&$k$:mi\zi&<Dnm&\<DM 

[0 0 5 0] *JS^J 5 

mmm i\z&nz>i?7 5. >©m^oda i . oog 

(0. 0 0 5mol) , pPD7. 57g(0. 070 
mol) . MD A 4 . 96g (0. 025mol) . & 
WSiONMP^l 19. 0 0 gJC^MLfc^ail 

jsm t£<H«fcUTJi*u75 vrnv-^mz. Z. 

©#U73 Kfttt. ftgfcttft ( q i n h ) «t 0 . 69d 

1 / gT, EM«SM*S£g* J 1 1300mPa-s.GP 
CCiSIl^fl (Mw) «9 7 0 0 OTfe-3 
fz. HK> 1 t|BJ*fcbTJP*»3 0 /tmOjR'J 

TSft»«fW3£*ff-3fciC:*, ^7XfEMg (Tg) 
tt«**n-$\ 5 %il«'MS (Td5) tt, ssst* 

^Jg?I¥«l 0 0~2 0 0tOjg«T2 lppm/KT&o 
fc. ICD^U-fS K7*Jkk©*«»tttt. §I!S 

3tS (TS) *U 4 5gf/rani , < SIlKWtt* (TM) *<2 

2 6kgf/nun'. §l?ISS[»r#a (EL) #2 0%T'feo 

fc. d(DHSfi«HjTf#^nfc3p>j75 F&v-x&s 

[0 0 5 1] HiS^J 6 
HM^Jl (Ci5^^v7 5>©*afiS;S:ODA5. Olg 

(0. 025mol). pPD6. 49g (0. 060 
mol). MD A 0 . 99g(0. 005mol),*5 
itf*»ONMPi 1 1 4. 8 4 gK^ML/t^fl-teH 
M^J 1 <tlfe<l^^lCLT^'J75 Fmv-X&ntz. Z 
<Difs ij 7 = h'gfte. ^SiteS ( tj i n h ) *» 0 . 77d 

1 / gT. E^«tt*SS^l 2100mPa-s,GP 
CCfc-smgspl^^fi (Mw) ttl 0 4 0 0 0T$o 
fc„ HfC HJfi^Jl t|II^^LT^^3 0 wm©JpU 

T^»Wig!l^*ffofc<*:C5. ^7>?.<to^fflS (Tg) 
te$gS£n-f, 5%MM'>iag (Td5) tt. SSgv* 



( 9 ) 

15 

T5 5 4t;T*-3S:. £©jfc'J-f'5 JUA© 

IHIg3S3S«l 0 0-2 0 0°C©^lgcT2 5ppm/KT*o 
Ac. £Ac. d©#U-f 5 H7-<;UAO««4t»tttt. 3I» 
5£g (TS) tJ<1 5kgf/mm\ 5l5g$£tt^ (TM) *<2 
4 5kgf/Inm , . 3l3S58»f#« (EL) *<2 9%T*o 

Ac in. :o*««T«6nfc#y7s Hi7=x*5 

"C<7)^f6T3^^F^« i g : bfc7!)t. -t©ttlBK:*flSttJ!, 
6fta*o&. **JS0d©*SIH*3t 1 CttQftMMOfl 

[0 0 5 2] jttsm 10 
HJS0IJ1 lr*3tj-Si?7 5>©fflfiK*MDA 1 9. 4 3g 
(0. 1 Omo 1 ) , *3<fctfjgJg©NMP£ 1 4 2. 6 

(j? i nh) *U. 03d 1/gT. GPCCiSlt 
(Mw) tt 1 7 3 0 0 OTSofc. JEK. $ 
M0iJl tPJ«HcUTJ9*iKj4 0 Mm©#U-f 5 K7^^ 

sfTofctci^. ^7Xteias (Tg) tts^^n 
t. 5 %mmm.'Pm.m dds) a, 2&«p--e5 2 3°c 20 

T-&oAc. tiAc. £©#'J-f 5 F7-r.H>A©IMBSW*tt 
1 0 0-2 0 CCWfiBUgTM lppm/KT&^Ac. £Ac. 

z:©#g-f 5 K7-fMoi«asn sisssta? (t 

S) #1 lkgf/mm'. (TM) # l 0 7kgf/m 

■*. mm.mwm (ed #2 7«not. w. c:© 

[0 0 5 3] ittS^J 2 
HM«SJ1 (C*3ttS> J 7'5>©m«^ODA6. Olg 30 

(0. 03mol) . pPD7. 57g (0. 07mo 
I) . *Wg»fflNMPSl 19. 2 0glC^HLfe 
8WH4*8«lt4<B«l:LT#U7S F&-7=X£ 
»Ac. CO#iJ75Kili. *f&*fia (7? i nh) *« 
0. 7 3dl/gf, EIi«iffig*n 44 0 0mPa 
• s, GPCK^SSfi^^ft (Mw) B1040 
0 0T*t>fc. Htc, *J£0tJl £ra«KL-TJP*l&3 0 
wm©#U-fS K!7-<;PA£f#Ac. i©#'J-f5K7^ 

a (Tg) ««^^n-r. 5%sgj$4>i&« (Td5) 40 

tt. ffiatT5 6 8T;T»oft. £Ac, dO#U-f5H 
7-<;i/A©^?g^tt 1 0 0 — 2 0 0"C©^T-1 3pp 
m/KT**oAc. dO#iJ-fSK7^;^Oi««J 
tttt. (TS) *<17kgf/W, 3l99itt* 

(TM) *<4 2 6kgf/W. 3l9tt*r#& (EL) *U 
1%T&oAc. C©**0!m»Sft&#»J7'5 F* 
^X^S^W^JSTS^Mfl^LAc^ ^OViWi 

[0 0 5 4] ifctfcfisj 3 50 



. #M 2 0 0 3 - 1 9 2 7 8 8 
16 

HiS«»JHC*5tt-5> 5 75>©SflfiK5rODA2. OOg 

(0. 0 1 Omo 1 ) , pPD6. 49g (0. 060 
mol) , MDA5. 83g (0. 0 3mo 1 ) . 
tf*gj«©NMP£l 2 2. 1 6 gtCgMbAcWfl-tefliS 
mi t^<iII:H^'J7S KS7ZX*#fc. £© 
#'J7 5F*tt, MSciteS (77 i n h) #0. 7 7 d 1 
/gf, ES!&tt*5&a*l 1 8 0 OmP a • s . GPC 
£<fc ilif^^l (Mw) B1 0 8 0 0 
Ac. HfC. *«5m £H*K:L-TJP*»3 0 uniO^l) 

-f = F7-r;UA£t#fc. ccd#ik s K7^;i/Ai:ov» 
T^^fsas^fTofctc:^. ^77^iia (Tg) 
5%m&m.'pmm (Td5) «. 

•?5 5 4m-5it. d©#'J-f 5 F7WJPA© 

SSB?5S*tt 1 0 0-2 0 0*C©«g^T'2 7ppm/KTabo 
Ac. tO*'J'f5H7-f*ACi««ttB 1 3I3S 

(TS) #1 5kgf/mm', 9IS91£¥ (TM) #2 
6 3 kgf/mm 1 , 5l3H&tgr#g (EL) *U 1 
Ac. W. StlfciK'J 7 5 F»7nx£5 

lC©«»«Tf 3 •SrflM«*Ufc3fi«, *-©*t&fc«fl:ttJ!. 

[0 0 5 5] SUSStfiJ 7 
5fc*0yiT»S*lifc#y75 KK7=X*IS2 5 vm 
©Sl?SJhK:&IJPa*0. 2 0mmtC7i-5«t5lc^XL. 

Migmsi $ nfc-r ±- h :/> + t-#tbkj n 2 i*Mft> 

ttT^®7!>> f,2 5 0tc LAc^> 2 5 0 2 V$M«j$ 
LAc. ^2&£T#iflLT> jpU-f 5 F7^ Jl/Aiiflfg© 

so, sjg, x-jum* 
jisnr, BKT»&'boT»9ft. ^Ac. u©aitj 

**«J-f5 FBfiiJ, fHfiffifilJfc-tn^ftl 8 0° tFfOtt 
tfTfc, stf'J-f 5 F/4BffiF5©SiJBI, fe-5l/i«7j?U< 5 

-r. 

[0 0 5 6] HS£0iJ 8 , 9 

susstsj 7 1 mm \zmmm 2 , 3 -cm e tiAcTp ujsfi 

ma&zn-r, s«3p»at>©T»o&. sac. -en-? 
n©««« 1 ij -f 5 FSfiij. fflfgsfiijtc^ti-en 1 

8 0° 8r0fttfT*>, #U-f 5 F/«fBM©«(B. $>-5 
^ttjKU'f 5 Fffi©«*ttfi6«t*»ofc. **iSCSJ©ie 

sitis 2 tc^-r. 

[0 0 5 7] JtttM 4-6 

mmm7 twa»cjt««n~3T#snfc7j«u7 , s fk 

i&^f§±lC^lL, &J&-f-£>;:<hT#'J-f 5 FX^JUA 
t«fB©««»*#fc. HtlfcSO. 
*me-nAc. SAc. J±fe«BJ4T#etlAcfflS«lc^)^T 
#U-f5 FSffliJt 1 8 0° m*)mitztZ\^>. J|?U 
-f ~ KBfcd-5y**»4i;fc. JtKCT5, 6TttenA: 
^@*J(c0^iT«#'J'T5 FSfiiJfCl 8 0° ifrOfttfAc 
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2003-192788 
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[0 0 5 8] 

0 0~3 0 0kg f /mm'«?l3i^1t^ (^fi) £WU 
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•om.WF&Qifi 1 5 ~ 2 5ppm/K ( 1 0 0 ~ 2 0 0 "C) T 
[0 0 5 9] 









77 tnh 
(dl/f) 


GPC 


CmP«-«) 


Tg 

CC) 


TdS 

Cc) 


(ppm/K) 


T5 
(kef/mm 1 ) 


TM 
Ckgf/mm 1 ) 


EL 
(%) 




1 


pPD/ODA/MDA 
= 6/3/1 


NMP 


0.83 


108000 


14300 


ND 


549 


22 


18 


258 


20 


0 


1 

2 


pPO/OOA/MDA 
=6/2/2 


t 


0.79 


107000 


12800 


ND 


548 


25 


14 


257 


21 


0 


T 

3 


pPO/OOA/MDA 
=6/3/1 


DMF/DMAc 
=75/25 


1.08 


159000 


16700 


ND 


568 


16 


16 


225 


26 


0 


t 
4 


pP D/OD A/MDA 
=5/2.5/25 


NMP 


OBI 


113000 


16800 


ND 


544 


25 


12 


225 


27 


0 


T 


pPD/ODA/MDA 

=7/0.5/25 


T 


0.69 


97000 


11300 


ND 


538 


21 


15. 


226 


20 


0 


j 6 


pPD/ODA/MDA 
=7/2.5/0.03 


t 


0.77 


104000 


12100 


ND 


654 


26 


15 


245 


29 


0 


| Jttfc0l 
1 


MOA=10 


NMP 


1.03 


173000 




ND 


523 


41 


11 


107 


27 


X 


t 

2 


pPO/ODA 
= 7/3 


t 


0.73 


104000 


14400 


ND 


56B 


13 


17 


426 


11 


O 


r 

3 


pPD/ODA/MDA 
=6/1/3 


T 


0.77 


103000 


11 800 


ND 


554 


27 


15 


263 


11 


O 



pPD:/<77i-U>S?75V, ODA:4, 4' -3h**>i*£>7£>. MDA:4, 4' ->^U>i?7— U> 
NMP:N->^^-2-tTP'JK>. DMF:N. N-$^JU*J1*A73K. DMAc:N. N— 5fc**/U7-feKT5K 



r>inh:*MMfe£. Tg:4r7Xf»M. Td5 : 5%M«'>SJK, TS: §l«*»rl**. TM: ?l5ftBM£3S. EL:5l«{fiBf<*S 



[0 0 6 0] [«2] 



«2 























pPD/ODA/MDA 




7 


i 


=6/3/1 












T 




pPD/ODA/MDA 




8 


2 


=6/2/2 












T 


T 


pPD/ODA/MDA 




9 


3 


=6/3/1 


fffy&iftt&w 










tttsim 


it&M 


MOA= 1 0 




4 


1 






T 


T 


pPO/ODA 


M*rc:*-jif suite 


5 


2 


= 7/3 




T 


T 


pPD/O DA/MDA 


«»«U*-;u-sy9l± 


6 


3 


=6/1/3 


Sfyifcifttfcci-fflfca? 
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(72)^B^# /JnP F^-A(##) 4F100 AB01A AB33A AK49B AK49K 

aW**#HrfiS#Ba»r30 GB43 JA02 JB01 JG04 JJ03 

4J043 PA01 PA04 PA05 PA19 PB21 
PB23 QB15 QB26 QB31 RA34 
SA06 SB04 TA14 TA21 TA22 
TA47 TA66 TA67 TB01 UA022 
UA032 UA042 UA121 UA122 
UA131 UA132 UA142 UA152 
UA262 UA662 UA672 UB011 
UB022 UB121 UB122 UB132 
UB152 UB282 UB302 VA011 
VA021 WA07 XA16 XA17 
XA19 XB02 XB03 ZA12 ZA15 
ZA16 ZA32 ZA33 ZA35 ZA46 
ZB03 ZB50 



